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Abstract
A nonhomogeneous Nelson’s diusion on a flat space-time with a tensor of diusion described as a
homogeneous diusion on a Riemannian manyfold with this tensor of diusion as a metric tensor. An
influence of the matter to an energy of the stochastic background is described. As result, the gravitation
represented as a consequence of the quantum fluctuations, Einstein equations for the metric tensor
represented as equations for the tensor of diusion.
1 Introduction
The statement that the gravitation is a curvature of the space-time is a main idea of the general relativity
and this idea is a direct consequence of the principle of equivalence which tested in experiments with high
accuracy.
The statement that quantum properties of the matter are results of the stochastic geometry of the
space-time (background) is very important consequence of the Nelson’s stochastic mechanics (see [2, 3]
and Appendix 1). In the Nelson stochastic mechanics the diusion coecient is a constant and equal to
0 = ~=2m. In [1] I considered more general situation of a nonhomogeneous diusion with a tensor of
diusion ab(x; t) and I discussed similarities in geometric descriptions of the gravitation and the quantum
fluctuations on the basis of a generalized equivalence principle, which also experimentally tested with high
accuracy [6, 1] .
The main idea which I proposed for an explaining a physical nature of the gravitation consists in a
statement that the gravitation is a nonhomogeneousity of the Nelson’s diusion, i.e. a consequence of the
(general) quantum fluctuations. This treatment is naturally applicable also to other gauge elds by help of
the Kaluza-Klein mechanism.
In [1] I describe only a behavior of the sample particle on the nonhomogeneous stochastic space-time.
In this paper I shall describe an influence of the matter to the stochastic background and describe the
gravitation fully in terms of the general quantum diusion. Then I shall derive the eld equations for the
diusional gravitation with correct solutions of the problems concerning the gravitational energy, singularities
and horizons.
2 Sample particles on a nonhomogeneous stochastic background
In this section I present the results of the paper [1] .
Let we consider in the flat space Rn a general diusion with the tensor of diusion ab(x; t) = 0γab(x; t).
Here γab is the normalized tensor of diusion, which for the Nelson’s homogeneous diusion is: γab = ab.
The mean trajectories of particles in this case are not geodesics on Rn, but they are curved lines. For the
description of such general diusion we introduce curvilinear coordinates xi(xa; t) and vectors eai along the





j = gij , where a relationship
between an induced metric gij(x; t) along curvilinear trajectories and a metric gab of the flat space Rn is
gab = eai e
b
jg
ij . Then we have for coordinates of the point M :
xa(M; t) = eai (M; t)  xi(M; t) (1)
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Therefore, the diusion process:
dxi(t) = b
i
(x; t)dt + d[e
i
a(x; t)  wa(t)] (2)
induced the manifold M with curvilinear coordinates xi(t) and the metric gij(x; t).









i(t)] = 0γij(x; t) (3)
Then we introduce new type of parallel transport of tensors - the stochastic parallel transport on flat
space-time Rn along the mean trajectory of the drift:







Then the nonhomogeneous diusion on Rn can be described as a homogeneous diusion on a Riemannian
manyfold M with the constant diusion coecient 0 = const and the metric tensor gij(x; t) with the
correspondence ij(x; t) = 0  gij(x; t): Stochastic mechanics with tensor of diusion then can be treated as
the quantum mechanics on a Riemannian manyfold. Therefore, we may use the well known formulas of the
stochastic mechanics on Riemannian manifold [4] .
Then the stochastic time derivatives we dene as:
(DF )i(x; t) =
@F i
@t
+ (b  r)F i  0(DRF )i (5)
where r− is the Laplace-Beltrami operator on the curved manifold, and
(DRF )i = F i +Rij  F j (6)
is the Laplace-de Rham operator,  = r  r; and Rij is the Ricci tensor.




(D+b− +D−b+)i(x; t) = − 1
m
riV (7)








The continuity equation for the probability density (x; t)
@
@t
+ri(vi) = 0 (9)
gives ui = 0(ri)=: Then after Nelson’s assumptions mvi = riS; 0 = ~=2m; and
 (x; t) =
√
(x; t)  exp[iS(x; t)=~] (10)
where S(x; t) is some function, ~−Planck’s constant,  (x; t) is wave function, we obtain the Schrodinger







 + V  (11)
The mean value of the acceleration E[ai(x; t)] not contains terms with ui. Then for the nonhomogeneous




+ (v  r)vi] = 0 (12)
and a new diusional acceleration appears since the presence of derivatives of the metrics in the Laplace-
Beltrami operator r:




+ vj@jvi] = E[Γkijv
jvk] (13)
The diusional acceleration E[Γkijv
jvk] not contains a dependence from the mass of the particle, i.e. we
have an exact analog of the equivalence principle for the gravitation.
The stochastic mechanics can be naturally extended to the case of a relativistic particle [5] . In this case
we obtain the nontrivial metric for space-time, which we can interpret as a diusional gravitation. L.Smolin
[6] discovered an equality of the quantum diusional mass mq, determining from the diusion coecient
 = ~=2mq; and the inertial mass min with high accuracy (min−mq)=min < 4 10−13. Here we can consider
this fact as result of existence a generalized equivalence principle - the equivalence between the inertial
motion on a curved space-time, the motion in a gravitational eld and the motion with the nonhomogeneous
quantum diusion.
The independence of the acceleration from the mass of the sample particle leads also to appropriate
accelerations of macroscopic objects and bodies of the basis of the reference frame. Acceleration of the
reference frame means the appearance of a nontrivial macroscopic metric and a nonzero curvature of the
space-time.
3 An influence of the matter to the stochastic background
If a classical particle with a bare mass m0 interact with the stochastic background, it undergoes a stochastic
fluctuations and its energy increased to the value which equal to an energy of quantum fluctuations. The
energy of quantum fluctuations is inverse proportional to the bare mass m0 and at small values of m0 we












and then we can consider only the energy of fluctuations T (q).
This additional energy of fluctuations is a result of interactions with the background (vacuum) and
deformations of this vacuum. Therefore, an energy of the vacuum decreased to the value which is exactly














(v) = −T (q)(m) (17)
where the energy of vacuum deformations G(q)(v) is a function of the tensor of diusion 
ij(x; t) and its
derivatives.

























p−γL(m)]gγkm = 0 (20)








p−γL(m)] = 0 (21)
where W(v)(γ;R) is a Lagrangian of the vacuum deformations, which depend from invariants of the tensor
of diusion ij and its derivatives, combined into the curvature tensors Riklm, Rik, R.
As a physical model of this eect we can consider a behavior of two classical particles in an accelerated
frame of reference. Let the rst particle’s trajectory is geodesic line. This particle not interact with frame
of reference and its "gravitational energy" is zero. Let the second particle is accelerated together with one
of devices of the accelerated frame of reference and this particle rested in this frame of reference. In this
case the device of the reference frame expend an energy for the acceleration of the particle. As result, the
energy of the particle increased while the energy of the device which interacted with particle is decreased.
If devices at some surface of the reference frame are bonded by elastic springs (same as a trampoline), then
the acceleration of the particle with one of devices leads to the formation of a smooth curved surface.
4 Equations for the tensor of diusion as equations for the gravi-
tational eld
An expansion of the vacuum Lagrangian in terms of curvature invariants can be represented as:
W(v)(γ;R) = − 12R+ R
2 + RikRik + γRiklmRiklm (22)
where , , , γ are constants.




p−γ[Giklm + Tiklm]γilγkm = 0 (23)
and
Giklm + Tiklm = 0 (24)
where
Giklm = − 1

(Riklm − 12Rilγkm) (25)
Tiklm = Viklm +
1
2
(γkmTil − γklTim + γilTkm − γimTkl) + T6 (γimγkl − γilγkm) (26)
Here the energy-momentum tensor Tiklm contains terms with the energy-momentum tensor of the matter
Tik and a new term Viklm which is the 4-index energy-momentum tensor for the gravitational eld [7] with
zero contraction. The tensor Giklm in our treatment is the energy-momentum of the vacuum deformations
and it is very important, that this vacuum energy is negative dened 1 .
We started from the stochastic mechanics which for a relativistic particle contains a minimal length for
a localization of the particle rc = ~=mc. In the general static solutions of the Einstein equations appeared
a parameter  [8] which at  > 0 leads to the excluding of the singularities at r = 0. We see, that in our
treatment of the gravitation  > rc and the singularities disappeared. For the particles with small masses
 > rc > rg, where rg is the gravitational radius rg = 2km=c4 and at this values of  the theory not contains
a horizon for the static source [8] .
1In [1] I define the 2-index Einstein tensor as the negative defined gravitational energy-momentum. But then I found
4-index energy-momentum tensor for the gravitation Viklm [7] and then I understanded that in the diffusional picture of
the gravitation Giklm and Einstein tensor Gik are (negative) energies of vacuum deformations which fully compensated the
(positive) energy-momentum of the matter and the gravitation.
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5 Appendix 1. The Nelson stochastic mechanics of a homogeneous
diusion
The Nelson’s diusion [2] of a nonrelativistic particle with the mass m in flat space-time Rn described as:
dxa(t) = b
a




limE[wa(t) j xa(t)] = 0 (28)
limE[wa(t) wb(t) j xa(t)] = 20abdt (29)
Here the diusion coecient is 0 = ~=2m; where ~ - Planck constant, the drifts dened as:

















+ (v  r)va − (u  r)ua − ua (31)
where the stochastic time derivative is:
Df = limE[
















(ba+ − ba−) (34)
The equation of motion for a classical particle is the Newton’s equations:
mab = −rbV (35)
Then a mean value of the acceleration is:
E[ab(t)] =
∫





+ (v  r)vb] = −rb’ (37)
This means that the acceleration of a sample particle in a static gravitational eld ’ not depend from
the mass of the particle (the principle of equivalence). The mean trajectories of free particles by drifts ba
are geodesic lines on Rn.
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